Depression is one of the most common and debilitating comorbidities of neurologic diseases. It has been associated with decreased quality of life, lower treatment adherence rate, increased disease severity, higher unemployment rates, and cognitive deficits among neurology patients.^[@R1]^ Depression is also exacerbated by symptoms of fatigue^[@R2]^ and pain,^[@R3]^ the interaction of which has a direct effect on quality of life.

Neuromyelitis optica (NMO) spectrum disorder (NMOSD) is an autoimmune disease of the CNS associated with serum antibodies to the astrocyte water channel aquaporin-4 (AQP4).^[@R4]^ NMOSD is predominantly characterized by optic neuritis and transverse myelitis leading to blindness, weakness, numbness, and pain.^[@R5]^ Brain areas typically associated with organic depression,^[@R6],[@R7]^ such as prefrontal areas, limbic systems, and the hippocampus, are usually spared among patients with NMOSD.^[@R8][@R9][@R10]^ However, recent studies have reported a high prevalence of depression within this population and have claimed that patients with NMOSD present with depression severity comparable to that experienced by patients with multiple sclerosis.^[@R11][@R12][@R13]^ Due to the low prevalence of NMOSD,^[@R14],[@R15]^ previous studies have employed smaller samples and international comparisons are currently missing. Therefore, it is imperative to investigate the elements of depression among patients with NMOSD within a larger multicenter cohort.

We assessed the frequency and severity of depressive states and their interaction with somatic symptoms in a multicenter observational investigation across 2 continents. Our secondary objective was to evaluate the association of disease-modifying, pain, and psychotropic therapy with current depressive and somatic symptoms.

METHODS {#s1}
=======

Sample. {#s1-1}
-------

We collected data in a cross-sectional observational study at 2 major academic research centers: the Charité Universitätsmedizin, Berlin, Germany (the Charité) and the Johns Hopkins Hospital (JHU), Baltimore, MD.

Inclusion criteria were formal diagnosis of NMOSD according to the International Panel for NMO Diagnosis 2015 updated diagnostic criteria^[@R16]^ and conversational level of the primary language spoken at the recruiting center. Exclusion criteria were age over 70 years and myelin oligodendrocyte glycoprotein antibody seropositivity when available.^[@R17]^ All patients at each center who satisfied the inclusion criteria and did not meet the exclusion criteria were included in this study.

Standard protocol approvals, registrations, and patient consents. {#s1-2}
-----------------------------------------------------------------

Study initiation followed research protocol approval by the internal ethics review board at each institution. Patients provided written informed consent and underwent a formal neurologic examination.

Assessment of depressive symptomatology. {#s1-3}
----------------------------------------

To evaluate depressive symptoms, we administered the Beck Depression Inventory (BDI)--IA^[@R18]^ at the Charité and BDI-II version^[@R19]^ at JHU. Both versions contain 21 questions with a maximum total score of 63. Total BDI-IA scores were adjusted to BDI-II scores according to the BDI-II Manual.^[@R20]^ We interpreted BDI scores as follows: 0--9 as nondepressive affect; 10--19 as minimal mood disturbance; 20--29 as moderate depressive state; 30 and above as severe depressive state.^[@R20]^ Consistent with prior literature, we categorized patients whose total BDI score was ≥20 with a high likelihood of clinical depression.^[@R21],[@R22]^

Assessment of fatigue. {#s1-4}
----------------------

We assessed fatigue with the Fatigue Severity Scale (FSS).^[@R23]^ This questionnaire measures severity of fatigue in 9 questions on a 7-point Likert scale. A threshold level of 4 has been shown to differentiate individuals with and without significant levels of fatigue.^[@R2],[@R23],[@R24]^

Neuropathic pain. {#s1-5}
-----------------

The Brief Pain Inventory (BPI) and the PainDETECT Questionnaire (PDQ) were used to evaluate presence and severity of pain at JHU and the Charité, respectively.

The BPI was created to measure pain level from 0 (least) to 10 (worst) in cancer patients in the United States.^[@R25]^ Among patients with nonmalignant chronic pain, an average BPI score of 6.8 (SD 1.8) has been reported^[@R26]^ and recent work has shown that patients with NMO average a BPI score of 5.9 (SD 2.9).^[@R27]^ Based on these findings, we adopted a conservative cutoff score of 6: patients who scored \<6 on the BPI index were classified as not having pain with a significant neuropathic component while those scoring ≥6 were classified as experiencing neuropathic pain. Although a conservative cutoff score of BPI = 6 may have decreased sensitivity of this measure, it minimized overestimating the prevalence of neuropathic pain.

The PDQ was created to differentiate nociceptive from neuropathic pain in low back pain patients.^[@R28]^ According to validation data representative of the German population,^[@R26]^ a PDQ score of 12 or higher is indicative of pain with a primarily neuropathic etiology. We classified individuals with scores ≥12 as experiencing neuropathic pain, and those with scores \<12 as not experiencing pain with a substantial neuropathic component.

To allow for a quantitative comparison of pain within the entire cohort, we tested the distribution of BPI and PDQ scores for normality with Kolmogorov-Smirnov tests and standardized individual values to the mean of their respective recruiting center sample. After pooling, *z* scores of pain levels used in all statistical tests ranged from −1.68 to 2.085 (mean −0.0001, SD 0.993), representing average and SD of pain within our cohort.

Current pharmacotherapy. {#s1-6}
------------------------

We recorded immunosuppressive preventive therapy for NMOSD, including rituximab, azathioprine, mycophenolate, and methotrexate.^[@R29],[@R30]^ Pain medications included anticonvulsants (gabapentin, pregabalin, carbamazepine, clonazepam, oxcarbazepine, topiramate, zonisamide), muscle relaxants (baclofen, tizanidine, diazepam, dantrolene, tolperisone), tricyclic antidepressants (amitriptyline), opioids (tramadol, fentanyl, oxycodone), and a selective serotonin norepinephrine reuptake inhibitor (SNRI; duloxetine). The nature and etiology of pain reported by patients with NMOSD is often managed with multiple medication categories, most frequently with anticonvulsants and low-dose tricyclic antidepressants.^[@R31][@R32][@R33]^ Psychoactive medications included SNRI (duloxetine, venlafaxine, milnacipran), selective serotonin reuptake inhibitors (SSRI; citalopram, escitalopram, sertraline), tricyclic antidepressants (amitriptyline), and atypical antidepressants (mirtazapine).

Statistical analyses. {#s1-7}
---------------------

We examined the demographic and clinical characteristics of patients with BDI ≥20 and those with BDI \<20. Continuous variables between groups were compared with independent samples *t* tests; categorical variables, with Pearson χ^2^ tests; effect sizes are reported with Cohen *d*. Distributions of all outcome variables were assessed for normality with Kolmogorov-Smirnov tests. Nonparametric tests were used to assess non-normally distributed continuous outcomes, ordinal variables, and the effect of treatment on the primary outcomes. We performed Pearson correlations of primary outcomes and partial correlations adjusting for confounders. We utilized a stepwise multiple regression to evaluate the variability of BDI scores attributable to somatic symptoms and clinical and demographic factors. All tests were 2-tailed and significance was indicated when *p* \< 0.05.

RESULTS {#s2}
=======

Demographics. {#s2-1}
-------------

Seventy-one patients with NMOSD (n = 36 at JHU, n = 35 in Berlin), 89% of whom were AQP4-positive, were enrolled in this study. Ninety-three percent of all participants were female; the female to male ratio was typical of relapsing NMOSD.^[@R9]^ The mean disease duration was 7.1 years (SD 5.6) and the median Expanded Disability Status Scale (EDSS) of the sample was 4.5 (range 0--8). Participants did not differ on demographic and clinical variables between centers, except on ethnic distribution and EDSS. [Table 1](#T1){ref-type="table"} illustrates the characteristics of the entire cohort and clinical and demographic characteristics of the sample by recruitment center are shown in table e-1 at [Neurology.org/nn](10.1212/NXI.0000000000000286).

###### 

Participant characteristics
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Frequency of moderate or severe depression. {#s2-2}
-------------------------------------------

We found that 30% (n = 21) of patients with NMOSD scored between 10 and 19, consistent with a dysphoric state; 22% (n = 16) scored between 20 and 29, consistent with moderate depressive state; and 6% (n = 4) scored above 30, consistent with severe depression. Fifteen patients with NMOSD (21%) also endorsed suicidal ideation or behavior, indicated by a score of 1 or greater on item 9 of the BDI. Seventy-five percent of patients who reported suicidal ideation or behavior scored 20 or greater and the distribution of suicidal patients did not differ across centers.

Patients with BDI scores ≥20 and patients with BDI scores \<20 did not differ with regard to age (mean 47.1, SD 11.1 vs mean 45.7, SD 12.2, *p* \> 0.1), disease duration (mean 5.7, SD 4.2 vs mean 7.7, SD 5.3, *p* \> 0.1), or EDSS (median 5.5, 1--7 vs median 4.0, 0--8, *U* = 421.5, *p* \> 0.1). Distribution of BDI scores was similar across the 2 recruiting centers. The [figure](#F1){ref-type="fig"} illustrates the severity of depressive symptoms by center (A) and antidepressant treatment (B).

![Depression severity\
(A) Labeled by recruiting center. (B) Labeled by antidepressant medication therapy. BDI = Beck Depression Inventory; JHU = Johns Hopkins Hospital; SNRI = serotonin norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor.](NEURIMMINFL2016009795FF1){#F1}

History and relapse rate of optic neuritis (ON), transverse myelitis (TM), or both ON and TM was available only for the cohort from the Charité. BDI scores between patients with any of the 3 classifications (ON, TM, or ON and TM) did not differ, *F* = 0.667, *p* = 0.520. Furthermore, relapse rate was not associated with BDI scores, Pearson *r*(26) = 0.212, *p* = 0.297. The 6 patients with monophasic disease had an average BDI score mean = 14.5 (SD 9.1), which was not different from the entire cohort mean.

Depression associated with higher levels of fatigue and neuropathic pain. {#s2-3}
-------------------------------------------------------------------------

Patients with moderate to severe depressive states had significantly higher FSS scores than patients with mild or minimal depressive states and experienced neuropathic pain of greater intensity. With the exception of one patient, all who scored 20 or greater on the BDI had elevated FSS scores ([table 2](#T2){ref-type="table"}). BDI scores were moderately correlated with standardized pain scores, Pearson *r*(71) = 0.341, *p* \< 0.004. However, when fatigue was controlled for, this association became weaker, Pearson *r*(66) = 0.140, *p* = 0.254.

###### 

Prevalence of fatigue and pain in depressed and nondepressed patients with neuromyelitis optica spectrum disorder
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In a multiple regression model, pain and fatigue accounted for 23% of the variance in depressive states, *R*^2^ = 0.23, *F*~*2,66*~ = 9.67, *p* \< 0.001. Demographic or clinical parameters, including EDSS, did not contribute to explaining the variance of depressive states beyond pain and fatigue. Of note, lower disease duration (β = −0.247, *p* = 0.244) and greater EDSS (β = 0.772, *p* = 0.271) were associated with an increase in BDI score.

Somatic symptoms and prescription medication therapy. {#s2-4}
-----------------------------------------------------

Of the 68 participants who provided information on antidepressant medications, a total of 20 patients received antidepressant pharmacotherapy, either as psychiatric or pain therapy. There was no difference in the distribution of antidepressant medications reported by patients across centers, Pearson χ^2^(3,68) = 5.896, *p* = 0.117. Table e-2 presents the distribution of medications by center. Fifty percent of those (10 out of 20) still scored 19 or above on the BDI and only 4 scored within the normal range of BDI. Medically treated patients were 40% (8 out of 20) of the total number of patients with BDI score ≥20. Half of the patients categorized as severely depressed (2 out of 4), based on a BDI score above 30, received antidepressant medication therapy. A total of 6 out of 16 patients with moderate depression received antidepressant therapy. Among patients who reported moderate depression, antidepression medications included tricyclics (n = 3), atypical antidepressants (n = 2), and SNRI (n = 1); 3 of these patients were receiving antidepressants for the indication of pain and not depression.

Fifty-two percent of patients received pain medication therapy (36 out of 69), the majority (56%, 20 out of 36) filling current prescriptions for more than one category of pain medication. Of note, the distribution of pain medications differed across recruiting centers, Pearson χ^2^(3,69) = 11.887, *p* = 0.018 (table e-2). Twenty-five percent (9 out of 36) were taking only anticonvulsants, 17% (6 out of 36) were taking only muscle relaxants, and 1 patient was prescribed the opioid/SNRI tramadol. All patients who received low-dose antidepressants as indicated for pain treatment were also receiving other classes of pain medications. Among patients with NMOSD prescribed any pain medications, 58% (21 out of 36) still endorsed current pain above the threshold for clinically significant neuropathic pain (PDQ \>12 and BPI \>6).

Patients who receive pain medications and no psychopharmacotherapy have lower depressive states and fatigue. {#s2-5}
------------------------------------------------------------------------------------------------------------

Patients who received only pain therapy scored almost 8 points lower on the total BDI score (mean 10.26, SD 5.32, n = 19) than those who received both psychotropic and pain medications (mean 18.00, SD 10.78, n = 16, *t*\[33\] = 2.614, *p* = 0.016, *d* = 0.911). Patients who took low-dose antidepressants indicated for pain treatment were included in the pain and antidepressants medications group. The category of psychopharmacologic therapy did not have an effect on BDI scores stratified by pain medication. Further, among the 16 patients who received both psychotropic and pain medications, half had a BDI score \>20, in comparison to only 2 among the 19 patients who received only pain medications.

Patients with NMOSD who received only pain therapy had lower fatigue scores (mean 4.47, SD 1.78, n = 19) than patients who received both pain and psychoactive medications (mean 4.60, SD 1.70, n = 16) and patients who received only psychotropic medications (mean 4.95, SD 1.19, n = 4). In comparison, patients with NMOSD who received neither pain nor psychoactive medications had an average FSS score mean 4.00, SD 1.70, n = 27. This difference in fatigue scores did not reach significance.

Immunosuppressive therapy is differentially associated with depression, fatigue, and pain. {#s2-6}
------------------------------------------------------------------------------------------

When stratified by current immunosuppressant therapy, patients who were treated with rituximab scored lowest on the BDI (mean 11.83, SD 7.51, n = 41) compared to patients who received mycophenolate (mean 16.27, SD 11.70, n = 11) and patients receiving azathioprine (mean 17.13, SD 11.18, n = 14). A nonparametric test of rank differences did not reach significance. Additionally, across patients who received rituximab, BDI scores were similar regardless of pain or psychotropic medications. [Table 3](#T3){ref-type="table"} illustrates pain, fatigue, and depression levels tabulated by immunosuppressant medication.

###### 

Beck Depression Inventory adjusted total scores (BDI), Fatigue Severity Scale (FSS), and Brief Pain Inventory/PainDETECT Questionnaire scores stratified by immunosuppressant medication
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DISCUSSION {#s3}
==========

In this transnational comparison of depressive symptomatology in NMOSD, moderate to severe depression was observed in 28% of patients. Our results exhibit a consistency of depressive and somatic symptomatology across 2 research centers and continents. We observed no significant differences in the prevalence or severity of depression, fatigue, or pain between patients in Germany and patients in the United States. These findings are in line with recent research from the United Kingdom, France, and Japan.^[@R20],[@R22],[@R34]^

As established in cohorts with major depression, suicidality was the most common symptom associated with high scores on the BDI.^[@R35],[@R36]^ Prevalence and severity of BDI scores were not associated with history of myelitis or optic neuritis. Further, within our sample, patients with moderate to severe depression had significantly higher levels of pain and fatigue than patients with NMOSD with no or minimal depressive symptoms. Similar findings are also reflected in previous studies largely demonstrating a positive correlation between pain and depressive affect^[@R3],[@R37],[@R38]^ as well as between fatigue and depressive affect.^[@R39],[@R40],e1^

Although pain is moderately and significantly correlated with depression among patients with NMOSD, levels of fatigue account for the majority of this association. Interestingly, physical disability or disease duration did not contribute significantly to the variance of depressive states. This provides further evidence for pain as antecedent to depression proposed by Fishbain et al.^[@R3]^ Our study design prevents us from showing a causal relationship; however, when stratified by immunosuppressant therapy, we observed that BDI scores are high when levels of pain and fatigue are inversely related. This may indicate that the interaction of fatigue and pain is differentially modulated by immunosuppressant therapy and specifically contributes to depressive mood in this cohort.

We also show that despite receiving antidepressant medications, half of patients with NMOSD still scored 20 or above on the BDI, suggesting insufficient or inadequate management of depressive symptomatology. Interestingly, we observed that if taken concurrently with pain medications, antidepressant medication therapy is associated with significantly higher BDI scores. Although these results must be interpreted with caution due to our small sample sizes, they may suggest that patients who experience only pain, and therefore take only pain medications, report lower depression levels. However, when depressive states are comorbid with pain, the additional burden appears not adequately alleviated despite multiple classes of pharmacotherapy.

Prescriptions of pain medications vary greatly among patients taking different disease-modifying therapies. However, there were no statistically significant differences in depression severity among patients treated with different disease-modifying therapies. The cross-sectional design of our study does not allow us to infer whether immunosuppressant, pain, and depression therapy specifically affect depressive symptoms, fatigue, or pain. Future research should address the specifics of these interactions with larger cohorts in longitudinal or randomized case-control studies.

Our study had some limitations. First, we utilized different versions of the BDI in each research center. BDI-IA probes for responses pertaining to the past week and BDI-II probes for responses pertaining to the past 2 weeks. We adjusted the total scores of BDI-IA to those of BDI-II as recommended by Beck et al.^[@R20]^ and used only the adjusted BDI scores in our analyses. We selected a conservative cutoff score of 20 to classify individuals as depressed. In line with current research and clinical recommendations, we define depression as a syndrome of affective and psychosomatic symptoms, and do not imply a diagnosis of major depressive disorder.^e2,e3^

Another limitation was the use of different scales to measure pain at each center. The PDQ and the BPI are similar as both measure severity and frequency of neuropathic pain. However, the former captures pain within the past 4 weeks, while the latter captures pain within the last 24 hours. This was an inherent weakness in the design of our study, which we addressed by normalizing PDQ and BPI scores to allow for comparison of pain levels within our cohort. Further, we could not control for preexisting depression or other therapies, such as psychotherapy, and did not have information on duration of treatment with antidepressants. All of these important factors would affect the interpretation of our results.

In the current study, we report that 28% of patients with NMOSD present with moderate to severe depressive symptomatology, which is substantially above the global estimated rate of 5.5%--5.9% of depression in the general population^e3^ and is comparable to the 23.7% (confidence interval 17.4%--30%) prevalence rate of depression observed among patients with multiple sclerosis.^e4^ Moreover, we observed that the majority of patients who report depressive symptoms indicative of moderate to severe depressive states do not receive appropriate antidepressant pharmacotherapy, suggesting insufficient or inadequate management of depressive symptomatology among patients with NMOSD. We also show that disease-modifying and pain therapy may modulate levels of depressive symptomatology, and suggest that fatigue and pain may confound this interaction. Future prospective and longitudinal studies with larger cohorts are needed to support our results.
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